We report on the extent to which human observers are able to indicate the gradient direction of a luminance ramp. In our experiment modulation depth ranged from 1 to 64% and field sizes subtended 0.5 to 47.5' of visual angle. Observers are not able to indicate the gradient direction for modulation depths below 6%. For values above this threshold, the angular standard deviation in the responses decreases proportionally with the logarithm of the modulation depth and is about 11' for a modulation depth of 64%. The angular standard deviations for supra-threshold contrast are slightly increased for the field sizes of 0.5 and 47.5' but are constant over a range of field sizes of 1 to 25'. Thus, size invariance holds well for this range of field sizes.
INTRODUCTION
In order to find out to what extent human observers are capable of estimating solid shape on the basis of shading, one has to know whether they can analyse such a luminance pattern quantitatively and qualitatively. The accuracy with which observers judge the direction as well as the variation in luminance gradients determines to what extent the surface shape can be reconstructed from shading (Koenderink & van Doorn, 1980; Pentland, 1982 Pentland, , 1984 . For example the direction of the luminance gradient can be used to estimate the direction of the illumination (Pentland, 1982) . Since only sparse data are available on how accurately human observers can estimate the direction as well as variations in luminance gradients we have begun a systematic study of the subject. In this paper we report on the degree to which human observers can estimate the gradient direction of a luminance ramp.
Visibility qf luminance gradients
The visibility of spatial contrast has been investigated extensively over the past three decades. This work has been well summarized by De Valois and De Valois (1988) and Graham (1989) An experiment which reports on the ability of observers to indicate the direction of a luminance gradient, was performed by van der Wildt et al. (1976) . The field sizes ranged from 0.1 to 20~ of visual angle. They found a threshold modulation of 3% for field sizes of I-5' , which increased up to 20% for smaller and larger field sizes. Thus in this paradigm the size invariance breaks down for the smallest and largest field sizes.
Electrophysiological studies about orientation selectivity indicate that the orientation bandwidth is very similar at all orientations.
Estimates of the bandwidth depend on the type of stimulus and experiment.
Values from 5 or lo'-up to as much as have been reported (see De Valois & De Valois. 1988; Graham, 1989) .
In order to gain a better understanding of the extent to which human observers can estimate the gradient direction of a luminance ramp, we have investigated the influence of the spatial contrast and field size of the stimuli on orientation settings of subjects. This is done for the widest possible range of modulation depth and field sizes that we could obtain in our experimental setup.
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